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(567)  Provided are a means and a method capable of
improving the performance of capturing of an on-orbit
device 2 in space by a capturing device 100 including a
bonding component 110 made up of adhesive. In one
aspect of the present invention, a capturing plate 1 is

FIG. 1

attached to an on-orbit device, and the capturing plate is
attached to a part of the on-orbit device where a capturing
device bonds to the on-orbit device in space with an bond-
ing component, including adhesive, of the capturing de-
vice.
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Description
Background
Field

[0001] The present invention relates to capturing
plates, on-orbit devices and methods for capturing.

Description of Related Art

[0002] Inouterspace, the "docking" technique is highly
needed. This technique is to unite two objects in space
and fix them. The docking technique is currently used to
dock transfer vehicles with the International Space Sta-
tion, and is necessary to provide services in orbit or to
capture an out-of-service satellite in space.

[0003] The docking mechanism, however, is very dif-
ficult because highly accurate control is required, and
therefore an even small displacement results in separa-
tion of a target caused by the reaction. The docking typ-
ically requires a driving system, including motors and
gears, and the failure rate of such a driving system is
high. Also, heavy structures are required for both captur-
ing device and target object. For example, a convention-
ally examined docking technique is proposed in Patent
Document 1.

[0004] A target capturing technique that does not need
a complicated docking technique has been proposed,
which captures a target with a capturing device including
an bonding component made up of adhesive (Patent
Document 2).

Citation List
Patent Documents
[0005]

[Patent Document 1] Japanese Patent Application
Laid-Open No. 2013-237443

[Patent Document 2] Japanese Patent Application
Laid-Open No. 2015-174647

Summary
Technical Problem

[0006] Such a technique of bonding two objects with
an bonding component made up of adhesive in space
does not need a complicated mechanism. Therefore this
technique looks promising to provide aforementioned
services in orbit or to capture an out-of-service satellite
in space. The surface of a target satellite, however, may
not be flat with antennas or sensors, or may have a film
for thermal control called MLI (Multi Layer Insulation). As
such, the bonding with an bonding component does not
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ensure 100% successful capturing.

[0007] In view of these circumstances, the present in-
vention aims to provide a means and a method capable
of improving the performance of capturing of an on-orbit
device in space by a capturing device including an bond-
ing component made up of adhesive, regardless of the
structure or the material of the outer surface of the on-
orbit device.

Solution to Problem

[0008] The presentinventor found that it is effective to
provide an on-orbit device with a capturing plate to im-
prove the performance of capturing of the on-orbit device
in space by a capturing device including an bonding com-
ponent made up of adhesive.

[0009] Thatis, one aspect of the present invention re-
lates to a capturing plate that is to be attached to an on-
orbit device. The capturing plate is attached to a part of
the on-orbit device where a capturing device bonds to
the on-orbit device in space with an bonding component
of the capturing device, with the bonding component in-
cluding adhesive. In this way, the capturing plate is at-
tached to an on-orbit device, whereby the bonding com-
ponent of the capturing device can be bonded to the cap-
turing plate of the on-orbit device easily and reliably re-
gardless of the structure or the material of the outer sur-
face of the on-orbit device.

[0010] For instance, the capturing plate is comprised
of a single material. By selecting a material having high
degree of adhesiveness with the bonding component,
the ease of capturing of an on-orbit device can be im-
proved even when the capturing plate is made of such a
single material.

[0011] Preferably the capturing plate includes a base
and a surface-treated layer placed on the base. With this
configuration, the capturing plate can have various ef-
fective functions for capturing, as compared with the cap-
turing plate made of a single material only.

[0012] For instance, the surface-treated layer is con-
figured to enhance the adhesiveness of the base with
the bonding component. With this configuration, the base
can have enhanced adhesiveness with the bonding com-
ponent, as compared with the base made of a single ma-
terial.

[0013] For instance, the surface-treated layer is con-
figured to give a mark or a color to the base. Such a mark
on the capturing plate enables the detection of a rotating
speed of the on-orbit device. When an on-orbit device is
to be disposed of, i.e., becomes debris, the on-orbit de-
vice starts to rotate. Detection of the rotating speed is
useful to capture an on-orbit device which became de-
bris. A color given to the capturing plate enables thermal
control of the on-orbit device.

[0014] For instance, the surface-treated layer is con-
figured to reflect light. This allows identification of the
location of the capturing plate and accordingly the loca-
tion of the on-orbit device by detecting the sunlight re-



3 EP 3 248 889 A1 4

flection from the surface-treated layer.

[0015] The capturing plate may be divided into a plu-
rality of pieces. With this configuration, when a structure,
such as a sensor, is present on the surface of the on-
orbit device, such pieces of the capturing plate can be
disposed so as to avoid such a structure.

[0016] Preferably, the capturing plate is attached on
the principal axis of maximum inertia of the on-orbit de-
vice. In space, an on-orbit device rotates in a complicated
manner around its three principal axes of inertia, and
eventually rotates around the principal axis of maximum
inertia. Therefore, when the plate is attached on the prin-
cipal axis of maximum inertia, an on-orbit device can be
easily captured.

[0017] The capturing plate may include a guide struc-
ture to define the bonding position of the on-orbit device
with the capturing device. This can improve the accuracy
in bonding position of the on-orbit device with the cap-
turing device.

[0018] Another aspect of the present invention relates
to an on-orbit device, to which the above-described cap-
turing plate is attached. Such an on-orbit device, to which
the capturing plate is attached, enables capturing of the
on-orbit device for various operations by a capturing de-
vice.

[0019] Another aspect of the present invention relates
to a method for capturing an on-orbit device. The method
includes: moving a capturing device including an bonding
component made up of adhesive to the on-orbit device,
to which the capturing plate is attached, in space; and
letting the bonding component of the capturing device
bond to the capturing plate of the on-orbit device. This
allows the on-orbit device to easily dock with the captur-
ing device for capturing.

Advantageous Effects of Invention

[0020] According to the present invention, an on-orbit
device can be more readily captured in space by a cap-
turing device including an bonding component made up
of adhesive regardless of the structure or the material of
the outer surface of the on-orbit device.

Brief Description of Drawings
[0021]

Fig. 1 is a plan view showing one example of the
configuration of a capturing plate according to the
present embodiment.

Fig. 2 is a cross-sectional view of one example of a
capturing plate according to the present embodi-
ment.

Fig. 3 is an enlarged cross-sectional view of a sur-
face-treated layer
made of oxide coating from phosphoric acid anodiz-
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ing (PAA).

Fig. 4 shows one example of a guide structure placed
on the capturing plate.

Fig. 5 shows the schematic configuration of an on-
orbit device according to the present embodiment.

Fig. 6 shows the configuration of a system to capture
an on-orbit device including a capturing plate of the
present embodiment.

Fig. 7 shows the schematic configuration of a cap-
turing device according to the present embodiment.

Fig. 8 is a flowchart of a method for capturing ac-
cording to the present embodiment.

Fig. 9 explains a method for capturing according to
the present embodiment.

Detailed Description

[0022] The following describes embodiments of the
present invention, with reference to the attached draw-
ings. As described above, according to the finding by the
present inventor, it is effective to provide an on-orbit de-
vice with a capturing plate to improve the performance
of capturing of the on-orbit device in space by a capturing
device including an bonding component made up of ad-
hesive.

[0023] Fig. 1is a plan view of a capturing plate in one
example according to the present embodiment. Fig. 2 is
across-sectional view of a capturing plate in one example
according to the present embodiment.

[0024] A capturing plate 1 is attached to an on-orbit
device. The capturing plate 1 is attached to the on-orbit
device at a part to be bonded with an bonding component
of a capturing device in space, where the bonding com-
ponent is made up of adhesive. The on-orbit device is
not limited as long as it is a device used in space, which
may be a satellite or a rocket.

[0025] The capturing plate 1 has a thickness of a few
hundred um to a few mm; for example, the thickness may
be about 1 mm. In the example of Fig. 1, the capturing
plate 1 has a disk shape. The capturing plate may instead
have a rectangular shape. The capturing plate 1 has a
diameter of a few tens of cm; for example, the diameter
may be about 200 mm.

[0026] The capturing plate 1 includes a base 10. Pref-
erably the base 10is made of a material that is lightweight
and has good stiffness, adhesiveness with the bonding
component and space tolerance. Since the capturing
plate 1 is attached to an on-orbit device, such as a sat-
ellite, it has to be lightweight. The preferable weight is
about 50 g to 100 g. Space tolerance includes tolerance
to a temperature change in space, tolerance to vacuum
in space, and minimal influence on thermal control of the
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satellite to which it is attached. Examples of such a ma-
terial include metals and metal-ceramic composite ma-
terials. Specific examples include aluminum, stainless
steel, magnesium, titanium, copper, and aluminum/sili-
con composite materials. The capturing plate 1 may in-
clude only the base 10 made of a single material. By
selecting a material having high degree of adhesiveness
with the bonding component, the ease of capturing of an
on-orbitdevice can be improved even when the capturing
plate is made of such a single material.

[0027] In the present embodiment, the capturing plate
1 includes the base 10 and a surface-treated layer 11
placed on the base 10. With this configuration, the cap-
turing plate can have additional various effective func-
tions for capturing, as compared with the capturing plate
made of a single material only.

[0028] Inthe example of Fig. 1, the surface-treated lay-
er 11 includes two surface-treated layers 11 aand 11 b.
[0029] The surface-treated layer 11 a is configured to
enhance the adhesiveness of the base with the bonding
component. With this configuration, the base can have
enhanced adhesiveness with the bonding component,
as compared with the base made of a single material.
For instance, in the case of a base made of aluminum,
oxide coating from phosphoric acid anodizing (PAA) may
be used as the material of the surface-treated layer 11 a
to enhance the adhesiveness of the base. Oxide coating
from phosphoric acid anodizing (PAA) refers to a metal-
oxide coating formed at the surface of the base 10 by
anodic oxidation of the base 10 with phosphoric acid as
electrolyte solution. When the base is made of other ma-
terials, appropriate treatment to enhance the adhesive-
ness of this material may be used.

[0030] Fig. 3is an enlarged cross-sectional view of the
surface-treated layer 11 a made of oxide coating from
phosphoric acid anodizing (PAA). Oxide coating from
phosphoric acid anodizing (PAA) has countless holes
11c having a relatively large diameter, and the diameter
of the holesis 100 to 150 nm, for example. This facilitates
the adhesive of the bonding component of the capturing
device to permeate into the holes 11c¢, and so adhesive-
ness between the bonding component and the capturing
plate 1 can be improved.

[0031] The surface-treated layer 11 b is configured to
display a mark or a color on the base. Fig. 1 shows a
cross-like mark with a logo at the center. The actual em-
bodiment may have no logo, and the mark may not be a
cross. Such a mark on the capturing plate 1 enables the
detection of the rotational speed of the on-orbit device.
When an on-orbit device is disposed and becomes de-
bris, it starts to rotate. Detection of the rotational speed
is useful to capture an on-orbit device that has become
debris. A color given to the capturing plate enables ther-
mal control suitable for the type of the on-orbit device
(e.g., an artificial satellite or a rocket). For instance, in
the case of a base made of aluminum, sulfuric acid an-
odizing treatment may be performed to the surface-treat-
ed layer 11 b so as to display a mark or a color on the
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base. In other examples, chromic acid anodizing (CAA),
boric sulfuric acid anodizing (BSAA), and tartaric acid
anodizing can be used to enhance corrosion resistance
and not to degrade fatigue tolerance of the metal.
[0032] Unlike the surface-treated layers 11aand 11 b,
the surface-treated layer 11 may be configured to reflect
light. Thus, the location of the capturing plate may be
identified and, accordingly, the location of the on-orbit
device by detecting the sunlight reflected from the sur-
face-treated layer. Preferably, mirror-surface treatment
can be applied to the surface treated layer to reflect light.
[0033] The capturing plate 1 may include the surface-
treated layers 11a and 11 b on a single base. Alterna-
tively, the capturing plate 1 may be formed by preparing
a portion of the base with the surface-treated layer 11 a
formed thereon and another portion of the base with the
surface-treated layer 11 b formed thereon, and then join-
ing these portions. Fig. 1 exemplifies the combination of
the surface-treated layers 11 a and 11 b as the surface-
treated layer 11. The surface-treated layer shall include
atleast one of the surface-treated layers as stated above,
and may be a combination of other surface-treated lay-
ers.

[0034] The capturing plate 1 may include a guide struc-
ture to define the bonding position of the on-orbit device
with the capturing device. This can improve the accuracy
in bonding position of the on-orbit device with the cap-
turing device.

[0035] Fig. 4 shows one example of the guide struc-
ture. As shown in Fig. 4, a magnetic layer 12 is placed
as the guide structure on back side of the base 10, which
is the opposite side of the surface-treated layer 11. The
magnetic layer 12 is made of magnetic powder. Exam-
ples of the material of the magnetic layer 12 include iron
and cobalt. In this case, a magnet may be disposed on
a portion of the bonding component of the capturing de-
vice, whereby the bonding position of the on-orbit device
with the capturing device can be defined. This can im-
prove the bonding strength of the bonding component
and the capturing plate 1.

[0036] The guide structure is not limited to the above,
and other configurations may be used. For instance, a
protrusion may be placed on the surface of the capturing
plate 1 to guide the bonding component of the capturing
device at a correct position for bonding.

[0037] Referring back to Fig. 1, the capturing plate 1
has attachment holes 14 at the outer edge. The attach-
ment holes 14 may be screw holes, for example. This
allows the capturing plate 1 to be attached to an on-orbit
device with screws.

[0038] In the example of Fig. 1, the capturing plate 1
is either one piece or a plurality of pieces that are joined
into one piece. The capturing plate 1 may also be divided
into a plurality of pieces. In this case, when a structure,
such as a sensor, is present on the surface of the on-
orbit device, such pieces of the capturing plate can be
placed so as to avoid such a sensor.

[0039] Fig. 5 shows the schematic configuration of an
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on-orbit device 2 including the capturing plate 1 accord-
ing to the present embodiment.

[0040] As shown in Fig. 5, the capturing plate 1 is at-
tached to a portion of the outer surface of the on-orbit
device 2. The capturing plate 1 is attached to the on-orbit
device before launching of the on-orbit device 2 into
space. This facilitates capturing of the on-orbit device 2
by a capturing device described later, for disposal or orbit
correction of on-orbit device 2 .

[0041] Preferably the capturing plate 1 is attached on
the principal axis of maximum inertia of the on-orbit de-
vice 2. In space, an on-orbit device rotates in a compli-
cated manner around its three principal axes of inertia,
and eventually rotates around the principal axis of max-
imum inertia. Therefore, when the plate is attached on
the principal axis of maximum inertia, an on-orbit device
can be easily captured. More preferably, the capturing
plate 1 is attached so that the principal axis of maximum
inertia of the on-orbit device 2 penetrates the center of
the capturing plate 1.

[0042] The on-orbit device 2 according to the present
embodiment enables the on-orbit device 2 to be captured
by a capturing device for various operations. This ena-
bles various operations to the on-orbit device in space,
including disposal, orbit correction and orbit keeping as
described later.

[0043] Fig. 6 shows the configuration of a capture sys-
tem to capture an on-orbit device 2 including a capturing
plate 1 of the presentembodiment. Fig. 7 shows the sche-
matic configuration of a capturing device.

[0044] The capture systemincludes a capturing device
100to be launched into space and a guidance and control
component 300 which guides the capturing device 100
to a target to be captured, on-orbit device 2.

[0045] The capturing device 100 is attached to a space
vehicle, such as a rocket, and is configured to be
launched into space with the space vehicle. The captur-
ing device 100 includes an bonding component 110 to
bond to a target existing in space, and a propulsion com-
ponent 120 to get thrust. The capturing device bonds to
the target with the bonding component 110 and moves
with the propulsion component 120 so as to move the
target to a predetermined position. When moving a tar-
get, the capturing device 100 preferably moves the target
by pushing it. The capturing device may also move the
target by pulling it. Preferably the adhesive used on the
bonding component 110 can absorb the impact from a
target while retaining adhesiveness, can tolerate a tem-
perature difference between the space environment and
the target, and does not transmit heat to the body of the
capturing device 100. Silicone adhesive is preferably
used as such adhesive. The adhesive is not limited to
silicone adhesive, and other types of adhesive may be
used. In addition to such adhesive, a mechanical holding
structure to hold the target may be provided to assist the
capturing device 100 to capture the target. For the pro-
pulsion component 120, a solid-fueled thruster, a small-
sized ion thruster, a digital thruster or the like can be used.
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[0046] In addition, the capturing device 100 has an au-
tonomous control part 130 to control its own position and
attitude. For the autonomous control part 130, a thruster
controller or the like may be used to control a maneuver-
ing thruster to correct the deviation in posture angle or
in position detected by a gyro sensor or a GPS.

[0047] The Guidance, Navigation, and Control compo-
nent 300 is allocated at a ground station, and is to move
the capturing device 100 close to a target through pre-
determined communication means.

[0048] The following describes a method for capturing
according to the present embodiment, with reference to
the flowchart of Fig. 8.

[0049] Firstly, the capturing device 100 is attached to
a space vehicle, and is launched close to a target on-
orbit device (guide step: S1). In the guide step S1, the
capturing device 100 may be movedrelatively close (e.g.,
few kilometers) to a target space debris by GPS naviga-
tion, for example, the capturing device 100 may be
brought close to the space debris at a position of tens to
hundreds meters from the space debris using a star track-
er or the like, and then the capturing device 100 may be
brought close to the position of a few meters by an optical
camera or the like.

[0050] Next, as shown in Fig. 9, the capturing device
100 is allowed to bond to the capturing plate 1 of the on-
orbit device 2 with the bonding component 110 while con-
trolling the attitude and the position of the capturing de-
vice 100 with the autonomous control part 130 (bonding
step: S2). This allows the on-orbit device 2 to dock with
the capturing device 100 (Fig. 9).

[0051] Subsequently, a predetermined operation is ex-
ecuted to the on-orbit device 2 (operation step: S3). This
operation depends on the purpose of capturing on-orbit
device 2.

[0052] When the on-orbit device 2 is space debris and
the purpose of capturing is disposal of the space debris,
the capturing device 100 is moved toward the atmos-
phere so as to convey the on-orbit device into the atmos-
phere. This enables the space debris to enter the atmos-
phere and to be burned. The capturing device 100 also
is burned with the space debris and is discarded.
[0053] When the on-orbit device 2 is a satellite and the
purpose of capturing is to correct the satellite orbit, the
capturing device 100 is moved toward a second orbit
different from a current first orbit so as to convey the
satellite toward the second orbit. This enables the satel-
lite to move from the first orbit to the second orbit. The
capturing device 100 can coexist with the satellite in the
state of bonding to the satellite.

[0054] When the on-orbit device 2 is a satellite and the
purpose of capturing is to keep the orbit of the satellite,
the propulsion component 120 of the capturing device
100 s controlled to keep the position of the satellite bond-
ed to the capturing device 100 in a geostationary orbit.
This enables the satellite to keep the position in the ge-
ostationary orbit (orbit-keeping). In this case also, the
capturing device 100 can coexist with the satellite in the
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state of bonding to the satellite.

[0055] Inthese ways, a predetermined operation is ex-
ecuted for the on-orbit device 2. The operation following
the capturing is not limited, and other types of operations
may be performed. The capturing device may be config-
ured to separate it from the target after the predetermined
operation (conveyance or orbit-keeping) ends.

[0056] Inthe caseofdebrisremoval, a step of acquiring
a debris-state may be performed between the guide step
S1 and the bonding step S2. In this step, a shape of the
space debris and/or a rotation state of the space debris
are acquired. After such a step, the capturing device 100
finally approaches the target. This enables more reliable
bonding.

[0057] As described above, according to the method
for capturing of the present embodiment, an on-orbit de-
vice 2 can be captured easily and reliably in space by a
capturing device 100 which embeds an bonding compo-
nent 110 made up of adhesive.

[0058] More than one capturing devices 100 may be
provided for multi-rendezvous (multi-docking) with more
than one of targets, and every time a target is captured,
the corresponding capturing device 100 may be de-
ployed.

[0059] The above-described method for capturing us-
ing the capturing plate 1 may be combined with other
methods for capturing. For instance, after a capturing
device 100 is installed into an on-orbit device 2 using the
bonding component 110 and the capturing plate 1, an-
other mechanical docking system may be used for them.
This can provide an on-orbit service, such as refuel, data
transfer, and repairing.

[0060] The present invention is not limited to the em-
bodiments as stated above, and design modifications to
these embodiments, which will be made by a person
skilled in the art as appropriate, are also included in the
scope of the present invention as long as they have the
features of the present invention. That is, each element
in the above embodiments and the arrangement, mate-
rials, conditions, shapes, dimensions, etc., thereof are
not limited to those described above and may be modified
as appropriate. Each elementin these embodiments can
be combined as long as such combination is technically
possible, and such a combination also is included in the
scope of the present invention as long as they have the
features of the present invention.

Reference Signs List

[0061]

1 Capturing plate

2 On-orbit device

10 Base

11, 11a, 11b  Surface-treated layer
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11c Hole

12 Magnetic layer

14 Attachment hole

100 Capturing device

110 Bonding component

120 Propulsion component

130 Autonomous control part

300 Guidance, Navigation, and Control com-
ponent

Claims

1. Acapturing plate to be attached to an on-orbit device
to allow a capturing device to capture the on-orbit
device in space.

2. The capturing plate according to claim 1, wherein
the capturing plate includes a geometrically shaped
mark to allow the capturing device to detect a rotating
angle of the on-orbit device when the capturing de-
vice captures the on-orbit device.

3. The capturing plate according to claim 2, wherein
the mark is configured to reflect light.

4. The capturing plate according to any one of claims
1to 3, wherein the capturing plate includes a plurality
of divided pieces.

5. Acapturingplate to be attached to an on-orbit device,
wherein the capturing plate is attached to a part of
the on-orbit device where a capturing device adheres
to the on-orbit device in space with an bonding com-
ponent of the capturing device, the bonding compo-
nent including adhesive.

6. The capturing plate according to claim 5, wherein
the capturing plate includes a single material.

7. The capturing plate according to claim 5, wherein
the capturing plate includes:

a base; and
a surface-treated layer disposed on the base.

8. The capturing plate according to claim 7, wherein
the surface-treated layer is configured to enhance
adhesiveness of the base with the bonding compo-
nent.
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The capturing plate according to claim 7, wherein
the surface-treated layer is configured to give a mark
or a color to the base.

The capturing plate according to claim 7, wherein
the surface-treated layer is configured to reflect light.

The capturing plate according to any one of claims
5 to 10, wherein the capturing plate includes a plu-
rality of divided pieces.

The capturing plate according to any one of claims
5 to 11, wherein the capturing plate is attached on a
maximum principal axis of inertia of the on-orbit de-
vice.

The capturing plate according to any one of claims
5to 12, wherein the capturing plate includes a guide
structure to specify a bonding position of the on-orbit
device with the capturing device.

An on-orbit device, to which the capturing plate ac-
cording to any one of claims 1 to 13 is attached.

A method for capturing an on-orbit device, compris-
ing:

moving a capturing device including an bonding
component to the on-orbit device according to
claim 14 in space; and

letting the bonding component of the capturing
device adhere to the on-orbit device.
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